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a b s t r a c t 
Iodinated contrast agents for angiography in chronic kidney disease (CKD) patients could 
further deteriorate their renal function leading to adverse sequelae. The use of carbon diox- 
ide (CO 2 ) is reported in the literature and has been safely used for a variety of angiographic 
procedures, particularly to guide aortic and renal interventions. We report the case of the 
successful endovascular treatment with a covered stent of a right external iliac artery pseu- 
doaneurysm following graft nephrectomy in a CKD patient, using CO 2 as contrast medium. 
© 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 
This is an open access article under the CC BY-NC-ND license 







In patients with chronic kidney disease (CKD), carbon diox-
ide (CO 2 ) is a valid alternative as a contrast medium for dig-Abbreviations: CKD, chronic kidney disease; CO2, carbon dioxide; EIA
arteriography. 
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Kidney transplantation is the gold standard for most pa-
tients with CKD because it improves both survival and quality
of life, although it can be burdened by several complications. P, external iliac artery pseudoaneurysm; DSA, digital subtraction 
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Fig. 1 – Color Doppler Ultrasound (A) and a paracoronal 
contrast enhanced magnetic resonance angiography ( B) 
demonstrating the presence of a 15 mm right external iliac 

































Fig. 2 – Carbon dioxide digital subtraction angiography of a 
right external iliac artery pseudoaneurysm (EIAP) before (A) 
and after (B) the deployment of covered stent ( white arrows ) 
with complete exclusion of the pseudoaneurysm. Single 
shot fluoroscopy (C) confirms the proper expansion of the 



























2  Pseudoaneurysm of the anastomosis is a rare vascular
complication of renal transplant and explant, in around 0,3
% of the transplant population [2] . 
We present a case of right external iliac artery pseu-
doaneurysm (EIAP) after allograft nephrectomy, successfully
treated with a covered stent using CO 2 as contrast medium. 
Case presentation 
In 1998, a 12-year-old girl with Henoch-Schonlein nephritis
underwent cadaveric renal transplantation in right iliac fossa;
the graft artery was joined with the right iliac artery. Fourteen
years after, the patient underwent graft nephrectomy due to a
progressive renal failure secondary to pyelonephritis. 
One year later, she received a l iving-related kidney in right
iliac fossa; the graft artery was joined with the right external
iliac artery. The graft was removed after 3 years due to IgA
nephropathy. In third post-explantation day, the patient de-
veloped abdominal pain at the surgical wound site. Contrast
enhanced CT scan revealed the presence of free fluid material
in the right iliac fossa with arterial bleeding from ipsilateral
psoas muscle. Immediate surgical exploration was performed
with the evacuation of the hematoma and hemostasis. Five
months later, in February 2020, the patient underwent a third
renal transplant from a cadaveric donor in left iliac fossa; the
graft artery was joined with the left external iliac artery. In
the twentieth postoperative day, a standard follow-up color-
Doppler ultrasound (US) examination showed a perianasto-
motic right EIAP. A contrast enhanced magnetic resonance an-
giography ( Fig. 1 ) confirmed the US findings. 
An endovascular treatment with covered stent was
planned; in consideration of the poor kidney function (crea-
tinine 2.52 mg/dl), CO 2 was used as contrast medium to avoid
nephrotoxicity. 
The procedure was performed in an angiographic room (Al-
lura Xper FD20 with flat detector, Philips Medical Systems,
Best, The Netherlands), using an ipsilateral femoral artery
approach, a preliminary diagnostic digital subtraction arteri-
ography (DSA) was performed using CO 2 administered by a
dedicated automatic injection system (Angiodroid Srl, SanDownloaded for Anonymous User (n/a) at ASST Sette Lagh
2021. For personal use only. No other uses without permissiLazzaro, Bologna, Italy), connected to a right femoral 6-French
vascular introducer (Terumo, Tokyo, Japan). 
A 6 mm x 50 mm covered stent (Viabahn, Gore, Newark,
Delaware, US) was released. A second CO 2 DSA demonstrated
total EIAP exclusion, good stent expansion and regular pa-
tency of the iliac arterial axis ( Fig. 2 ). After the procedure,
creatinine remained stable at 1.97 mg/dL. Additionally, serial
hemoglobin and vital signs remained stable. 
For each injection, CO 2 volume and pressure were 40 mL
and 250 mmHg, respectively. To avoid gas fragmentation, the
catheter was purged before each injection. 
A 3-months follow-up color-Doppler ultrasound confirmed
stent patency with the complete exclusion of the pseudoa-
neurysm. 
Discussion 
Iodinated contrast-induced nephropathy accounts for 11% of
hospital-acquired renal insufficiency. The use of CO 2 as con-
trast medium has some advantages along with the absence of
nephrotoxicity, the low viscosity and the lower costs, if com-
pared to iodinated CM contrast medium [1] . 
CO 2 DSA was first illustrated by Hawkins and colleagues
[3] in 1982. Despite image quality of CO 2 DSA is diluted if com-
pared to iodine DSA, modern angiographic equipment are ca-
pable of high resolution and image summation by incorporat-
ing software packages with an upgraded contrast resolution
[4] . 
CO 2 DSA images are obtained by replacing the intraluminal
blood volume with the gas; on the other hand, iodine DSA im-
ages are achieved through the amalgamation of the contrast
medium with the blood [5] . 
The use of CO 2 as contrast medium is not free from pos-
sible complications, primarily related to the amount of gas
injection and its neurotoxicity in cerebral angiography. Other
complications are represented by ischemic colitis subsequent
to the accumulation of CO into the mesenteric arteries, thisi from ClinicalKey.com by Elsevier on November 26, 
on. Copyright ©2021. Elsevier Inc. All rights reserved.













































is defined as “vapor lock phenomenon”. Respiratory or renal
failure occurs quite rarely [6] . Nevertheless, CO 2 use has been
safely reported in literature for a variety of angiographic pro-
cedures, particularly to guide aortic and renal interventions
[5] . 
Said et al. [4] described the CO 2 use for the diagnosis and
embolization of a renal artery pseudoaneurysm secondary to
a nephrectomy in a CKD patient. 
Chacko et al. [1] demonstrated that renal interventions
management could be successfully and securely accom-
plished through CO 2 angiography in patients with Takayasu
arteritis and renal insufficiency. 
In 2016, Adachi et al. [7] presented a case report suggesting
that the combination of CO 2 and small quantities of iodinated
contrast medium could be a valid alternative to better evalu-
ate renal artery ostial stenosis, to prevent both high volume
CO 2 complications and nephrotoxicity [7] . 
EIAP is a rare complication of renal transplantation, and
in the majority of cases are subsequent to graft nephrectomy
[8] . Diagnosis is very challenging because clinical manifesta-
tions are often non-specific. EIAP must be suspected in the
postoperative period if hemorrhagic shock secondary to acute
rupture occurs, but in the majority of cases EIAPs are asymp-
tomatic and only incidentally discovered [8] , as in this case
report. 
The pseudoaneurysm repair strategy can include surgery,
endovascular treatment (embolization or covered stent), or
ultrasound-guided percutaneous thrombin injection [9] . 
Covered stent is a more conservative endovascular treat-
ment than embolization and in the past the Viabahn
stent-graft was successfully used in visceral or peripheral
aneurysms (and pseudoaneurysms) management [10] . 
Herein, we described a case of a patient with CKD who de-
veloped a right EIAP following graft nephrectomy, effectively
endovascular managed using CO 2 as contrast medium. 
In the endovascular literature, reports for the CO 2 contrast
medium use in the treatment of pseudoaneurysm is quite
scanty; however, as in this case, the CO 2 use can be a good op-
tion to reduce the use of iodinated contrast medium in CKD
patients. 
Conclusion 
CO 2 is a secure, non-nephrotoxic contrast agent that may be
useful in the endovascular management as complementary
to the standard iodinated contrast medium, with significant
benefits in CKD patients also in case of covered stent implan-
tation. 
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